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Aboriginal Australians are predicted to have diversified from within the Asian cluster [for definitions of human populations and groups, see (4)] (Fig. 1A, top ). Recent whole-genome studies reveal a split between Europeans and Asians dating to 17,000 to 43,000 years before the present (B.P.) (5, 6) . Because greater Australia (Australia and Melanesia, including New Guinea) has some of the earliest archaeological evidence of anatomically modern humans outside Africa, dating back to~50,000 years B.P. (7, 8) , a divergence of aboriginal Australasians from within the Asian cluster is not compatible with population continuity in Australia. Alternatively, on the basis of archaeological and fossil evidence, it has been proposed that greater Australia was occupied by an early, possibly independent out-of-Africa dispersal, before the population expansion giving rise to the majority of present-day Eurasians (9, 10) . According to this "multiple-dispersal model," the descendants of the earlier migration became assimilated or replaced by the later-dispersing populations, with a few exceptions that include Aboriginal Australians (10, 11) (Fig. 1A, bottom) .
We sequenced the genome of an Aboriginal Australian male from the early 20th century to overcome problems of recent European admixture and contamination (4) . We used 0.6 g of hair for DNA extraction (4, 12) . Despite its relatively young age, the genomic sequence showed a high degree of fragmentation, with an average length of 69 base pairs. The genome was sequenced to an overall depth of 6.4×; the~60% of the genomic regions covered was sequenced to an average depth of 11× (4) [theoretical maximum is 85% (12) ]. Cytosine-to-thymine misincorporation levels typical of ancient DNA (13) (maximum 3% of all cytosines) and were restricted to a 5-nucleotide region at each read terminus. For this reason, read termini were trimmed to improve single-nucleotide polymorphism (SNP) call quality (4) .
The genome was mapped and genotyped, identifying 2,782,401 SNPs, of which 449,115 were considered high-confidence, with a falsepositive rate of <2.4%, and were used in further analyses (4) . Of these, 28,395 (6.3%) have not been previously reported (4) . Despite extensive handling of the hair by people of European ancestry, contamination levels based on the level of X-chromosome heterozygosity were estimated to be less than 0.5% (4). These findings are in agreement with studies showing that ancient human hair can be decontaminated by pretreatment (12, 14) . Furthermore, no evidence of recent European admixture or contamination could be detected at the genotype level (4).
The Australian individual's mitochondrial genome (mtDNA) was sequenced to an average depth of 338×. It belongs to a new subclade of haplogroup O (hg O) that we term hg O1a (4). Haplogroup O is one of the four major lineage groups specific to Australia and has been reported from various parts of the Northern Territory (15 to 16%) (15) (16) (17) . From high-confidence Y-chromosome SNPs, we assigned his Y chromosome to the K-M526* macro-haplogroup (4). Although the O and P branches of haplogroup K-M526 account for the majority of East and West Eurasian Y chromosomes, the unresolved K-M526* lineages are more common (>5%) only among contemporary populations of Australasia (15, 18) . Both uniparental markers fall within the known pattern found among contemporary Aboriginal Australians (15) , providing further evidence that the genomic sequence obtained is not contaminated.
We compared our high-confidence SNPs with Illumina SNP chip data from 1220 individuals belonging to 79 populations (4). Among these are individuals from the Kusunda and Aeta, two populations of hunter-gatherers from Nepal and the Philippines, respectively. Both groups have been hypothesized to be possible relict populations from the proposed early wave of dispersal across eastern Asia (19, 20) .
Principal components analysis (PCA) results illustrated genetic differentiation among Africans, Asians, and populations of greater Australia. The Australian genome clusters together with Highland Papua New Guinea (PNG) samples and is thus positioned roughly between South and East Asians. Apart from the neighboring Bougainville Papuans, the closest populations to the Aboriginal Australian are the Munda speakers of India and the Aeta from the Philippines (Fig. 1B) . This pattern is confirmed from 542 individuals from 43 Asian and greater Australia populations (4) and by including an additional 25 populations from India (21) that all fall on the Eurasian axis, including those of the Great Andamanese and Onge from the Andaman Islands (21) . The PCA and ad-mixture results (Fig. 1C ) further confirm the lack of European contamination or recent admixture in the genome sequence.
We used the D test (22, 23) on the SNP chip data and genomes to look for shared ancestry between Aboriginal Australians and other groups (4) . We found significantly larger proportions of shared derived alleles between the Aboriginal Australian and Asians (Cambodian, Japanese, Han, and Dai) than between the Aboriginal Australian and Europeans (French) ( Table 1 , rows 1 to 4). We also found a significantly larger proportion of shared derived alleles between the French and the Asians than between the French and the Aboriginal Australian (Table 1 , rows 5 to 8). These findings do not allow us to discriminate between the two models of origin, but they do rule out simple models of complete isolation of populations since divergence. Our data do not provide consistent evidence of gene flow between populations of greater Australia (Aboriginal Australian/PNG Highlands) and Asian ancestors after the latter split from Native Americans under various models (4) (there may still be some gene flow between Bougainville and some Asian ancestors after that time; Table 1 ). This suggests that before European contact occurred, Aboriginal Australian and PNG Highlands ancestors †Number of sites where a derived allele is found in the outgroup and one of the ingroups.
‡D test statistics (difference divided by total). §Standard deviation (found by block jackknife). ||Standardized statistics (to determine significance). (4) . Z test rejects the null hypothesis that this value is equal to 50% (Z = 3.3, P < 0.001). To identify which model of human dispersal best explains the data, we sequenced three Han Chinese genomes to an average depth of 23 to 24× (4) and used a test comparing the patterns of similarity between these or the Aboriginal Australian to African and European individuals (4) . This test, which we call D 4P , is closely related to the D test (22, 23) but is far more robust to errors and can detect subtle demographic signals in the data that may be masked by large amounts of secondary gene flow (4) .
Taking those sites where the Aboriginal Australian (ABR) differs from a Han Chinese representing eastern Asia (ASN), and comparing ABR and ASN with the Centre d'Etude du Polymorphisme Humain (CEPH) European sample (CEU) representing Europe and the Yoruba representing Africa (YRI), the single-dispersal model (Fig.  1A, top) predicts an equal number of sites supporting group 1 [(YRI, ASN), (CEU, ABR)] and group 2 [(YRI, ABR), (CEU, ASN)]. In contrast, the multiple-dispersal model (Fig. 1A, bottom) predicts an excess of group 2. Indeed, we found a statistically significant excess of sites (51.4%) grouping the Yoruba and Australian genomes together (group 2) relative to the Yoruba and East Asian genomes together (group 1, 48.6%, P < 0.001), consistent with a basal divergence of Aboriginal Australians in relation to East Asians and Europeans ( Table 2 ). Another possible explanation of our findings is that gene flow between modern European and East Asian populations caused these two populations to appear more similar to each other, generating an excess of sites showing group 2, even under the single-dispersal model. However, simulations under such a model show that the amount of gene flow between Europeans and East Asians (5) cannot generate the excess of sites showing group 2 unless Aboriginal Australian, East Asian, and European ancestral populations all split from each other around the same time, with no subsequent migration between aboriginal Australasians and East Asians (4) . Such a model, however, would be inconsistent with our results from D test, PCA, and discriminant analysis of principal components (DAPC) (4), given that the Aboriginal Australian is found to be genetically closer to East Asians than to Europeans (Table 1 and Fig. 1B) . Thus, our findings suggest that a model in which Aboriginal Australians are directly derived from ancestral Asian populations, as proposed by the single-dispersal model, is not compatible with the genomic data. Instead, our results favor the multiple-dispersal model in which the ancestors of Aboriginal Australian and related populations split from the Eurasian population before Asian and European populations split from each other (4) .
To estimate the times of divergence, we developed a population genetic method for estimating demographic parameters from diploid whole-genome data. The method uses patterns of allele frequencies and linkage disequilibrium to obtain joint estimates of migration rates and divergence times between pairs of populations (4). Using this method, we estimate that aboriginal Australasians split from the ancestral Eurasian population 62,000 to 75,000 years B.P. This estimate fits well with the mtDNA-based coalescent estimates of 45,000 to 75,000 years B.P. of the non-African founder lineages (4, 15, 25, 26) . Furthermore, we find that the European and Asian populations split from each other only 25,000 to 38,000 years B.P., in agreement with previous estimates (5, 6) . All three populations, however, have a divergence time similar to the representative African sequence. Additionally, our estimated split time between aboriginal Australasians and the ancestral Eurasian population predicts the observed excess of sites showing group 2 discussed above ( Table 2) . To obtain confidence intervals and test hypotheses, we used a block bootstrap approach. In 100 bootstrap samples, we always obtained a longer divergence time between East Asians and the Aboriginal Australian than between East Asians and Europeans, showing that we can reject the null hypothesis of a trichotomy in the population phylogeny with statistical significance of approximately P < 0.01. In these analyses we have taken changes in population sizes and the effect of gene flow after divergence between populations into account. However, our models are still relatively simple, and the models we consider are only a subset of all the possible models of human demography. In addition, we have not attempted directly to model the combined effects of demography and selection. The true history of human diversification is likely to be more complex than the simple demographic models considered here.
We used two approaches to test for admixture in the genomic sequence of the Aboriginal Australian with archaic humans [Neandertals and Denisovans (22, 23) ]. We asked whether previously identified high-confidence Neandertal admixture segments in Europeans and Asians (22) could also be found in the Aboriginal Australian. We found that the proportion of such segments in the Aboriginal Australian closely matched that observed in European and Asian sequences (4). In the case of the Denisovans, we used a D test (22, 23) to search for evidence of admixture within the Aboriginal Australian genome. This test compares the proportion of shared derived alleles between an outgroup sequence (Denisovan) and two ingroup sequences. This test showed a relative increase in allele sharing between the Denisovan and the Aboriginal Australian genomes, compared to other Eurasians and Africans including Andaman Islanders (4), but slightly less allele sharing than observed for Papuans. However, we found that the D test is highly sensitive to errors in the ingroup sequences (4), and shared errors are of particular concern when the comparisons involve both an ingroup and outgroup ancient DNA sequence. Although we cannot exclude these results being influenced by such errors, the latter result is consistent with the hypothesis of increased admixture between Denisovans or related groups and the ancestors of the modern inhabitants of Melanesia (23) . This admixture may have occurred in Melanesia or, alternatively, in Eurasia during the early migration wave.
The degree to which a single individual is representative of the evolutionary history of Aboriginal Australians more generally is unclear. Nonetheless, we conclude that the ancestors of www.sciencemag.org SCIENCE VOL 334 7 OCTOBER 2011 this Aboriginal Australian man-and possibly of all Aboriginal Australians-are as distant from Africans as are other Eurasians, and that the Aboriginal ancestors split 62,000 to 75,000 years B.P. from the gene pool that all contemporary non-African populations appear to descend from. Rather than supporting a single early human expansion into eastern Asia, our findings support the alternative model of Aboriginal Australians descending from an early Asian expansion wave some 62,000 to 75,000 years B.P. The data also fit this model's prediction of substantial admixture and replacement of populations from the first wave by the second expansion wave, with a few populations such as Aboriginal Australians, and possibly PNG Highlands and Aeta, being remnants of the early dispersal (Fig. 2) . This is compatible with mtDNA data showing that although all haplogroups observed in Australia are unique to this region, they derive from the same few founder haplogroups that are shared by all non-African populations (4) . Finally, our data are in agreement with contemporary Aboriginal Australians being the direct descendants from the first humans to be found in Australia, dating tõ 50,000 years B.P. (7, 8) . This means that Aboriginal Australians likely have one of the oldest continuous population histories outside sub-Saharan Africa today.
Neural circuits regulate cytokine production to prevent potentially damaging inflammation. A prototypical vagus nerve circuit, the inflammatory reflex, inhibits tumor necrosis factor-a production in spleen by a mechanism requiring acetylcholine signaling through the a7 nicotinic acetylcholine receptor expressed on cytokine-producing macrophages. Nerve fibers in spleen lack the enzymatic machinery necessary for acetylcholine production; therefore, how does this neural circuit terminate in cholinergic signaling? We identified an acetylcholine-producing, memory phenotype T cell population in mice that is integral to the inflammatory reflex. These acetylcholine-producing T cells are required for inhibition of cytokine production by vagus nerve stimulation. Thus, action potentials originating in the vagus nerve regulate T cells, which in turn produce the neurotransmitter, acetylcholine, required to control innate immune responses. N eural circuits regulate organ function in order to maintain optimal physiological stability, providing homeostasis to the body's internal environment. The vagus nerve, named by the Latin word for "wandering," is a paired structure that arises in the brain stem and travels to visceral organs, where it regulates physiological responses to environmental changes, injury, and infection. In the immune system, electrical stimulation of the vagus nerve inhibits cytokine release; attenuates tissue injury; and ameliorates inflammation-mediated injury in endotoxemia, sepsis, and other cytokine-dependent models of inflammatory disease (1) (2) (3) (4) . This neural circuit, termed the inflammatory reflex, requires action potentials arising in the vagus nerve, and acetylcholine interacting with the a7 subunit of the nicotinic acetylcholine receptor (nAChR) expressed on cytokineproducing macrophages in spleen (5) . Selective cholinergic agonists significantly inhibit cytokine production in spleen and improve outcome in experimental models of inflammatory disease (6) (7) (8) (9) (10) (11) (12) .
Vagus nerve fibers terminate in the celiac ganglion, the location of neural cell bodies that project axons in the splenic nerve to innervate the spleen (13, 14) . Electrical stimulation of either the vagus nerve above the celiac ganglion or the splenic nerve itself significantly inhibits tumor necrosis factor-a (TNF-a) production by red pulp and marginal zone macrophages, the principal cell source of TNF-a released into the circulation during endotoxemia (15) (16) (17) . Paradoxically, nerve fibers in spleen, originating in the celiac ganglion, are adrenergic, not cholinergic, and utilize norepinephrine as the primary neurotransmitter (18) . Thus, although the spleen has been shown to contain acetylcholine (19, 20) , the cellular source of this terminal neurotransmitter in the inflammatory reflex is unknown. Because lymphocytes can synthesize and release acetylcholine (21, 22) , we reasoned that they might be the source of acetylcholine that relays functional information transmitted by action potentials originating in the vagus nerve to the spleen.
To determine whether vagus nerve stimulation induces increased acetylcholine release in the spleen,
